In the karst area of southern China, karst water is important for supporting the sustainable production and home living for the local residents. Consequently, it is of significance to fully understand the water cycle, so as to make full use of water resources. In karst areas, epikarst and conduits are developed, participating in the hydrological cycle actively. For conventional lumped hydrologic models, it is difficult to simulate the hydrological cycle accurately. These models neglect to consider the variation of underlying surface and weather change. Meanwhile, for the original distributed hydrological model, the existence of epikarst and underground conduits as well as inadequate data information also make it difficult to achieve accurate simulation. To this end, the framework combining the advantages of lumped model-reservoir model and distributed hydrologic model-Soil and Water Assessment Tool (SWAT) model is established to simulate the water cycle efficiently in a karst area. Xianghualing karst watershed in southern China was selected as the study area and the improved SWAT model was used to simulate the water cycle. Results show that the indicators of E NS and R 2 in the calibration and verification periods are both above 0.8, which is evidently improved in comparison with the original model. The improved SWAT model is verified to have better efficiency in describing the hydrological cycle in a typical karst area.
Introduction
In the karst area of south China, the complexity of karst morphological structure and inhomogeneity of karst spatial distribution bring great difficulty to water resource exploration, evaluation and development. In comparison with other areas, the high-permeability of karst structure makes underground runoff more abundant than surface runoff. So, the water cycle in karst areas is distinct compared with non-karst areas [1] . In the process of karst water resource evaluation, problems of inadequate long-term observation data and difficulty in acquiring the karst aquifer media structure and hydraulic parameters often emerge [2] . The watershed hydrological model has played an important role in many respects, such as hydrological cycle process simulation, water resources assessment and forecast, flood forecast, water conservancy project planning and design and so on. The commonly used watershed hydrological models are lumped hydrological model and distributed hydrological model. The lumped hydrological model usually generalizes the hydrological processes, the input variable and the boundary condition. The advantages of this type of model are summarized as relatively low data requirement and convenient computation. However, the shortcoming of the model is also obvious. The lumped hydrological model is incapable of considering the spatial variation of underlying surface, which in karst areas are more prominent. So, the application of the lumped model to this kind of area is limited. In recent years, numerous trials and improvements have been conducted to make the lumped watershed hydrological model applicable to karst basins [3] . Based on the conceptual model of hydrologic behavior in a karst system, the lumped model usually has three types, summarized as the one reservoir model, two reservoirs model and three reservoirs model. For the one reservoir model, it is assumed that the whole discharge of the karst system obeys Maillet's Law. For example, in order to simulate discharge and volume in a systemic way, only the one reservoir model was used to represent both the saturated and unsaturated zone of Lez karst aquifer in the South of France [4] . The advantage of this type of model is that the model with very few parameters is simple to construct and calculate and it is not quite sensitive to over-parameterization. The disadvantages of the one reservoir model are that the model cannot simulate the hydrologic behavior of different parts in a karst system with detail and the assumption that the whole discharge obeys Maillet's Law is not quite realistic in a karst system. As for the two reservoirs model, an upper (faster) and a lower (slower) reservoir were used to represent the two different karstic formations respectively [5] . For example, the two reservoirs model was used to simulate the hydrology, sediment transport and nutrient loads of Krathis river basin [6] . Nikolaidis et al. (2013) have coupled the two reservoirs model (upper and lower reservoirs) with a SWAT model [7] . This kind of model considers the flow in fracture and conduit of karst aquifers and simulates hydrologic behavior in a more detailed way in comparison with the one reservoir model; however, they ignore the function of epikarst. Zhou et al. (2019) proposed a coupled lumped model called K-XAJ with two reservoirs for simulating runoff in both the karst and non-karst area, and the model produced better forecasts than the traditional XAJ (Xinanjiang) model [8] . Zhao et al. (2019) proposed the improved Xin'anjiang Model (IXAJ) by adding the regulation of ground runoff and integrating conduit flow, surface water, and groundwater into total runoff [9] . However, both the K-XAJ and IXAJ models did not consider the influence of land use type, land slope and climate change. In this paper, we used the three reservoirs model which equivalently replaced epikarst, underground conduit and micro-fissure systems. Although this kind of three reservoirs model has been used [10] , few have coupled it with distributed hydrological models. In this paper, we tried to couple the three reservoirs model with the distributed model-SWAT. The hypothesis of the three reservoirs model is more realistic in karst aquifer modeling compared with the other two, and the SWAT model can consider the influence of land use type, soil type, land slope, epikarst, quick flow in conduits, slow flow in micro-fracture, climate change and so on. Through coupling the lumped model with the distributed model, the whole hydrological cycle process including the surface flow and underground flow can be sufficiently simulated.
Compared with the lumped hydrological model, the distributed hydrological model describes the spatial and temporal variations in a more detail way. It can reflect the influence of human activity on hydrological processes and fully consider the spatial variation of watershed underlying surface and the temporal variation of meteorological conditions; consequently, the model parameters have relatively clear physical meanings. Therefore, it can accurately simulate the hydrological process and make hydrologic information coincide with the actual situation. Nevertheless, this kind of model also has the weaknesses that it needs a lot of basic data and is difficult to set up. Moreover, there are poor information data, even no data for several areas in the south karst area of China, which greatly increases the difficulty for model calibration. Meanwhile, the existence of underground conduits and wide fissures make the original distributed hydrological model difficult to evaluate and forecast the water resources. To this end, the improved distributed hydrological models have been applied to the karst area, and certain achievements have been obtained. For example, in order to apply the distributed model-SWAT to karst area, the original SWAT has been improved by adding the regulation and storage functions of epikarst and shallow aquifer [11] . This method has improved the runoff link in comparison with the original SWAT. The free infiltration attenuation curve was used to reflect regulation and storage function of epikarst and the one reservoir model was applied to describe the hydrological process of a shallow aquifer; however, this model cannot distinguish fast flow in karst conduit from slow flow in micro-crack. In order to effectively describe quick vertical infiltration through karst springs, sinkholes and conduits, SWAT (version 2005) has been modified [12] . Although the modified model has simulated the quick flow process, it was unable to consider the function of epikarst and the slow flow process. Although the KSWAT model has both considered quick flow and slow flow using the two reservoirs model and assessed the sustainability of actual water use, it is incapable of considering the function of epikarst either [13] . The ISWAT model used a nonlinear algorithm to calculate groundwater flow, making it more applicable than a linear-reservoir model; however, it did not distinguish flow in a different aquifer medium [14] . In this paper, to utilize the advantages of these model and offset their shortcomings, we added the three reservoirs model to SWAT model (version 2012). In this way, all the hydrological processes can be simulated, including surface runoff process, regulation and storage function of epikarst, quick flow in conduit and slow flow in micro-crack. The coupling model outperforms on simulation efficiency and feasibility for the karst area of South China.
In the original SWAT, a linear-reservoir model is used to calculate groundwater flow. In order to find a more applicable method to effectively simulate all the hydrologic cycle process in the karst area of south China, in this paper, the three line reservoirs model was used instead of the one reservoir model to improve SWAT mode. The three reservoirs hypothesis is closer to the reality, which equivalently represent epikarst, underground conduit and micro-fissure in a karst aquifer system. FORTRAN language was used to modify the source code of SWAT (version 2012) according to the concept model of three reservoirs model. Finally, the improved SWAT model was applied to study the hydrological cycle process in karst area of south China. The results show that the improved model has better applicability in comparison with the original model.
Method

The Principle of the Reservoir Model
In the karst area of south China, there are two main kinds of recharge forms to the groundwater system. One is concentrated injection through surface depression and aven. The other is scattered infiltration after hysteresis function of the epikarst. In terms of karst hydrogeological condition, we used the three reservoirs model to generalize the karst system. Each reservoir model contains the process of recharge-storage-discharge. The coupling form and hydrological process are shown in Figure 1 .
The first reservoir represents the flow in the epikarst system of which recharge is mainly from precipitation removed evaporation and surface runoff (Q r ). The second reservoir represents the quick flow in underground conduits and the wide fissures system. Part of its recharge comes from the epikarst system (α 1 Q i ), and the others come from the depressions and avens (Q C ). As for its discharge, part of discharge moves to underground runoff ((1 − α 2 )Q f ), and the others move to the slow flow reservoir (α 2 Q f ). The third reservoir represents the slow flow in the micro-fissure system. Part of its recharge comes from the epikarst system ((1 − α 1 )Q i ), and the surplus comes from the quick flow system (α 2 Q f ), and the discharge (Q s ) formed part of underground runoff. Reservoir model structure schematic diagram in the karst area of south China. Q i represents the infiltration water through the epikarst reservoir; Q c represents the injection volume from depression and aven; α 1 represents the infiltration proportion from the epikarst reservoir into the quick flow reservoir; α 2 represents the infiltration proportion from the quick flow reservoir to slower flow reservoir; Q r represents surface runoff; Q f represents the discharge of quick flow reservoir; Q s represents the discharge of slower flow reservoir.
The Principle of the Improved SWAT Model
The Soil and Water Assessment Tool (SWAT) is a widely used distributed hydrological model based on the principle of water balance. It extracts basin terrain parameters based on DEM, and then discretizes the study area. The model divides the basin into several sub-basins by adjusting the threshold of the catchment area. The SWAT model generates a hydrological response unit (HRU) which is the smallest unit of the basin by overlaying the land use, soil and slope type data. The model primarily predicts the runoff of HRUs and then calculates the total runoff of the whole basin. In terms of groundwater, the SWAT model contains water in shallow aquifer and deep aquifer. The volume of water in deep aquifer is usually viewed as the loss from the system, and only the shallow aquifer water eventually flows into rivers. The SWAT model adopted a linear reservoir model as groundwater flow calculation method. This method assumes that the groundwater storage (S sh ) and base flow (Q gw ) have a linear relationship. However, in a karst area where underground conduits and big cracks develop extremely, the heterogeneity of the aquifer medium is the key factor that influences the linear relationship between the storage and runoff. So, in this paper, we designed that the groundwater storage (S sh ) and base flow (Q gw ) in shallow aquifer have a non-linear relationship [15, 16] , and added exponent β gw (β gw is not equal to 1) [17, 18] , as shown in Equation (1) line 1. The nonlinear relationship between the recharge and discharge are shown in Equation (1) line 2 [19, 20] .
where S sh represents the groundwater storage; Q gw represents base flow in shallow aquifer; α gw is a scale parameter; and β gw is an exponent coefficient.
In the above nonlinear model in which β gw is not equal to 1 it is difficult to get exact solutions [21] . To this end, we divided the non-line model into three linear reservoirs model, and the three series-parallel linear reservoirs model was used to reflect the unsteady flow characteristic of the karst area, as shown in Figure 1 . Then we coupled the combinational reservoirs model into a SWAT groundwater module to make it suitable for the hydrological cycle simulation study in the karst area of south China, where the aquifer medium is highly heterogeneous.
In this paper, attenuation function is used to express the flow characteristic of the epikarst reservoir model, as shown in Equation (2) line 1, and the attenuation coefficient is calculated by Equation (2) line 2 [22] .
where Q i represents the infiltration water through the epikarst (mm); W st represents water content in the epikarst system (mm); ∆T represents the simulation step (24 h); TT represents the attenuation coefficient; SAT represents the saturation moisture content in the epikarst system (mm); FC represents the water-holding content in the epikarst system (mm); and K represents the saturated hydraulic conductivity (mm/h). The relationships of storage-recharge-discharge for the quick flow system and the slow flow system are shown in Equation (3) line 1 and line 2, respectively. The relationship between storage and discharge is shown in Equation (3) line 3 and line 4 [7] .
where V up represents the storage in the up quick flow reservoir; Q in,up represents the recharge for the up quick flow reservoir; Q up represents the outflow of the up quick flow reservoir; V lower represents the storage in the lower slow flow reservoir; Q in,lower represents the recharge for the lower slow flow reservoir; Q lower represents the outflow of lower slow flow reservoir; K u , K l represent the attenuation constants for the up quick flow reservoir system and the lower slow flow reservoir system respectively.
Through solving the Equation (3), we got the relationship between the recharge and discharge for the quick flow and slow flow system, as shown in Equation (4) line 1 and line 2
where Q up−1 represents the value of Q up in the last moment; and Q lower−1 represents the value of Q lower in the last moment.
In the above Equation (4), the recharges of quick flow system and slow flow system are respectively calculated by Equation (5) line 1 and line 2. The equation relationship can be known from the conceptual model in Figure 1 .
where Q i represents the infiltration through the epikarst reservoir system; Q c represents the injection volume from depression and aven; α 1 represents the infiltration proportion from the epikarst into the up reservoir; and α 2 represents the infiltration proportion from the up reservoir to lower reservoir. The total discharge of the two reservoirs is calculated by Equation (6). The equation relationship can be obtained from the conceptual model in Figure 1 .
where Q T represents the total outflow.
The Coupling of Reserviors Model to SWAT Model
Since SWAT source code is in an open state, various hydrologic processes can be added to SWAT as modules. In this paper, we fully considered the unique hydrologic process in the karst area of South China, and utilized FORTRAN90 language to modify the model source code by adding reservoirs. According to the principle described in Section 2.2, the subroutines mainly involved in modification process include "allocate_parms.f", "modparm.f" and "gwmod.f". This improvement mainly describes the regulation and storage process of the karst aquifer, while in the original SWAT model, water directly enters shallow groundwater from soil leakage. The core code snippet for the improved module is as follows.
Incoming Variables.
Name
Units Definition mm H2O water content in epikarst reservoir for the day in HRU karst_new(j) mm H2O the newly added water to epikarst reservoir for the day in HRU karst_vcrk(j) mm H2O the injection water from depression and aven for the day in HRU gwnew(j) mm H2O the infiltration from epikarst to aquifer for the day in HRU vol_up(j) mm H2O water content in up quick flow reservoir for the day in HRU new_up (j) mm H2O the newly added water to up quick flow reservoir for the day in HRU rchrg_up (j) mm H2O water content in up quick flow reservoir for the day in HRU gw_delaye_up(j) none Exp(-ku); where: ku is the attenuation constants for the up quick flow reservoir vol_low(j) mm H2O water content in lower slow flow reservoir for the day in HRU new_low (j) mm H2O the newly added water to lower slow flow reservoir for the day in HRU rchrg_low (j) mm H2O water content in lower slow flow reservoir for the day in HRU gw_delaye_low (j) none Exp(-kl); where: ku is the attenuation constants for the lower slow flow reservoir gw_q (:) mm H2O groundwater contribution to streamflow from HRU on current day Calculation Process in Epikarst Reservoir. karst_vcrk(j) = karst_k(j) * karst_d(j) calculate the injection volume from depression and aven karst_tt = (karst_ul(j) -karst_fc(j))/karst_k(j) calculate the attenuation coefficient of epikarst karst_st(j) = 0 karst_new(j) = Max(0., sepbtm(j) -karst_vcrk(j)) calculat the newly added water to epikarst gwnew(j) = (karst_st(j)) * ( 
Study Case
The Overview of the Study Area
The study area in this paper is located in the Xianghualing area, the north of Linwu County, Hunan province of China ( Figure 2 ). The annual precipitation is 1022.3-1917.4 mm, mostly concentrated in summer. In this region, Devonian and Carboniferous limestone with strong heterogeneousness are the main carriers and media for groundwater. On the surface, circular karst depressions are developed, with funnels and holes on their beneath, and there are caves and rivers underground. In this area, precipitation is the main recharge to the karst aquifer. Surface watershed and insulation boundary constitute the boundary conditions of the study area, and the discharge is located in the northwestern part. The terrain on the south side is higher than that on the north, and conduit flow is the main runoff channels. The tendency direction of the stratum is to the northeast, and the direction of groundwater flow and conduit development are both to the northwest. 
The Improved SWAT Model Established
Data Processed
(1) DEM Processed DEM (Digital Elevation Model) is a GIS data, describing the spatial distribution of regional geomorphology. The data we used were from the Global Digital Elevation Model with 30 m resolution ratio (GDEM 30M) database downloaded from Geospatial Data Cloud (http://www.gscloud.cn/). The data set is provided by Geospatial Data Cloud site, Computer Network Information Center, Chinese Academy of Sciences. GIS hydrological toolbox and spatial data management toolbox were used to deal with DEM data, such as data splicing, data cutting, filling depression, extracting river network, mask processing and so on. Then we got the DEM diagram containing the terrain factors. Moreover, depressions should be filled in order to reduce river disruption due to data error. In this way, rivers would be generated without disruptions and conform to actual river systems.
(2) Land Use Type Processed Land use type has an important effect on simulation results and influences the runoff process on the land surface. We cut land use data from Land Cover Products 1.0 of China, with 250 m resolution ratio [23] . The data set is provided by Environmental and Ecological Science Data Center for West China (WESTDC) (http://westdc.westgis.ac.cn). Then we reclassified it and got three land use types, which are "ORCD", "WATR", "UINS", as shown in Figure 3 ." ORCD" represents that the land cover type is garden, "WATR" represents that the land cover type is waters and "UINS" represents that the land cover type is public land. 1 (HWSD) , established by the United Nations Food and Agriculture Organization (FAO) and the international institute for applied systems (IIASA) in Vienna, which provides physical and chemical properties for each grid point [24] . The data set is provided by Cold and Arid Regions Sciences Data Center at Lanzhou (http://westdc.westgis.ac.cn). We clipped the study area from the HWSD data set with 1000 m resolution ratio and reclassified soil type according to the soil physical parameters. If the soil names are the same but their physical parameters are different, it is necessary to define the soils into different types. If the soil names and physical parameters are both consistent, they can be defined as the same type. Finally, the study area is divided into five soil types, as shown in Figure 4 . The physical properties of soil determine the movement of water and gas in the soil profile. It is the key data for the pre-modeling process of SWAT. The values of variables needed for soil database were acquired in three ways: (1) to find the corresponding soil properties from HWSD database;
(2) calculated using formula; and (3) calculated by the SWC (Soil Water Characteristics) modules of SPAW software [25, 26] . Finally, the three parts of soil attribute data were filled in usersoil format and imported to SWAT2012. mdb.
(4) Meteorological Database
The importance of meteorological data to the hydrological process is obvious. It has a large impact on the entire hydrological cycle system. The meteorological data used in this paper was from China Meteorological Assimilation Driving Datasets for the SWAT model Version 1.0 (CMADS V1.1) [27] . The data set is provided by Cold and Arid Regions Sciences Data Center at Lanzhou (http://westdc.westgis.ac.cn). The CMADS V1.1 data set has been formatted and modified in accordance with the input driver data format of SWAT model, enabling the SWAT model to use the data set directly without any format conversion [28] . There is no meteorological station located inside the study area since the area is small. Therefore, we used the data of four meteorological stations located outside the area but nearest to the study area to calculate the average value of climatic variables as the values of the study area. The data include daily values of precipitation, maximum and minimum temperature, wind speed, relative humidity and solar radiation. The locations of meteorological stations are shown in Figure 5 . 
The Model Established
In the process of setting up the improved SWAT model, the processed DEM data was used to generate rivers and calculate the direction of flow. In order to lighten computational burden, the watershed range was used as the model mask. In this way, the boundary was defined simultaneously. The river network was divided according to the threshold value of the minimum area in the study catchment. In this paper, the threshold value was set to be 60 ha. Then the whole area was divided into 15 sub-catchments ( Figure 6) , with a total area of 26.76 km 2 . The parameter characteristics of each sub-basin have been listed in Table 1 . The processed soil map and land use map are necessary to establish SWAT and the corresponding index tables need to be imported in the specified format. For slope classification, SWAT has two standards, i.e., Single Slope and the Multiple Slope. In this paper, we used the Multiple Slope method to divide the basin slope into two levels. Through the combination of land use type, soil type and multiple slopes, the final configuration resulted in 85 HRUs (Hydrological Response Units). The result is demonstrated in Figure 7 . 
Results and Discussion
Parameter Sensitivity
In this paper, SUFI-2 (Sequential Uncertainty Fitting Version 2) algorithm of SWAT-CUP (SWAT Calibration and Uncertainty Procedures) software was used to analyze the parameter sensitivity of the improved SWAT model. The greater the absolute value of t and the smaller the value of p, the more sensitive the parameter is [29] . According to watershed hydrological processes and the experience, we select three original SWAT parameters and four newly added parameters for global sensitivity analysis. The parameter sensitivity sequence, value ranges and the final values are shown in Table 2 . Results show that the newly added parameters are much more sensitive than the original parameters. α 1 represents the infiltration proportion from the epikarst reservoir into the quick flow reservoir and it reflects the development degree of the karst fracture, relating to the geological setting and hydraulics of the karst. K u is the attenuation constant for the up quick flow reservoir and it represents the relative change rate of quick flow. α 2 represents the infiltration proportion from the upper quick flow reservoir to lower slow flow reservoir and reflects the development degree of the karst conduit, relating to the geological setting and hydraulics of the karst. K l is the attenuation constant for the lower slow flow reservoir system and it denotes the relative change rate of slow flow. CN2 is the runoff curve number of SCS (soil conservation service) and it is related to soil type, land use type and slope. RCHRG_DP is the percolation fraction of the deep aquifer and describes the characteristics of the deep aquifer. CH_N2 is Manning's "n" value for the main channel and describes the characteristic of the main channel. 
Model Evaluation
The daily runoff data observed in the watershed outlet were used to calibrate and validate the model. The simulated results obtained by the improved and original models are in comparison with observed values, as shown in Figure 8 . Data from 1 January 2016 to 30 June 2016 were used to calibrate the model parameters. The results show that for the original model, the value of R 2 is 0.62 and E NS is 0.63, while the value of R 2 is 0.84 and E NS is 0.83 simulated by the improved model. Both the linear correlation and model reliability have been efficiently strengthened with the improvements we proposed. Furthermore, data from 1 July 2016 to 31 October 2016 were used to validate the model. 
Discussion
In the karst area of South China, the existence of underground rivers and conduits means that groundwater flow contributes more to the outlet than that of surface flow. So, the parameters involving the groundwater module are much more sensitivity than those of others. The upper quick flow reservoir is an important regulation structure for karst areas. The parameters α 1 and K u describe the characteristics of an upper quick flow reservoir including underground rivers, conduits, big fracture and so on. Due to various characteristics they represent, these parameters are the most sensitive and it is necessary to conduct parameter sensitivity analysis. The parameters α 2 and K l describe the characteristics of lower slow flow reservoir which represents small fissure, and its function is secondarily important to upper quick flow reservoir. Similarly, α 2 and K l are also sensitive parameters relating to a karst area. CN2 is related to the surface characteristics, and RCHRG_DP denotes the water lost from the system. CH_N2 is the parameter concerning the characteristics of the main channel. Consequently, the three parameters above are also sensitive, but less than parameters α 1 , K u , α 2 , and K l . E ns is the efficiency coefficient and R 2 is the correlation coefficient. They can indicate the fitting degree between the simulated value and measured value in the simulation process. The range of their values is between 0 and 1. The correlation gets better as their values approach 1. If the value of E ns is greater than 0.5, the simulation value can be regarded within the acceptable range. R 2 further reflects the coincidence degree between simulated values and measured values. If R 2 = 1, it implies that the coincidence is very good. Otherwise, the lower R 2 means the coincidence is not obvious. So, these two parameters are adequate to illustrate the performance of models.
The degree of karstification is very high, and underground rivers are developed in the karst area of South China. It is difficult to acquire much more measured data. We used one year's meteorological data, including daily values of precipitation, maximum and minimum temperature, wind speed, relative humidity and solar radiation and one year's measured runoff data. Although the data period is not long enough, they are daily scale data. Compared with existing research from academia, our daily data is more detailed since the other studies' measured runoff data are just monthly scale. Moreover, results show that our study outperforms on accuracy and reliability. For example, Yang L Y et al. have used the simplified SWAT model to simulate the loading of non-point source pollution in the demonstration area. The data period they use is also one year and their data are in the form of monthly scale [30] . Wei C H et al. have used the SWAT model to simulate a runoff process in Chishui River karst area. Although their meteorological data are in daily scale, their runoff data are just in monthly scale [31] . Liu H et al. have used a SWAT model to evaluate groundwater resources in Lianjiang Basin karst region, and they also used monthly flow rate to determine and verify model parameters [32] . In this paper, we used daily scale data to calibrate and validate the improved SWAT model and original SWAT model. The results show that indicators of E NS and R 2 in the improved SWAT model are much larger than that of the original SWAT model both in the calibration and validation period. It is illustrated that the improved model has better simulation performance and can provide a more suitable way for solving the hydrological cycle in the karst areas of South China.
Conclusions
In this paper, we conceptualize a karst aquifer system in a three series-parallel linear reservoirs model including epikarst reservoir to describe the characteristic of the epikarst system, quick flow reservoir to describe the recharge-storage-discharge process in the conduit system, and slow flow reservoir to describe the process of recharge-storage-discharge in the micro-fissure system. The three reservoirs model is correlative and represents a complete underground water system. Then we coupled the reservoirs model with the SWAT model to improve the performance of the original SWAT model, making it applicable and effective for simulating hydrological process in karst areas located in southern China.
A small, relatively independent watershed located in Xianghualing region is taken as the study area. The improved SWAT model is applied to simulate the hydrological process in this area. The daily observed data of basin outlet flow in 2016 were used to calibrate and validate the model. Simulation results obtained by the improved model fit well with observed values, which illustrates that the improved model is applicable for hydrological cycle process simulation in the karst area of south China. Compared with the original model, the improved model outperforms in both calibration and validation period, with significant improvements in terms of R 2 and E NS . Therefore, the improved SWAT model is verified to have better simulation precision and higher model quality and feasibility than that of the original SWAT model.
